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Summary of Facts and Subm ssi ons

0728.D

The appel l ant (applicant) has | odged an appeal agai nst
t he exam ning division's decision of 23 January 1998 to
ref use European patent application No. 94 904 919.1 for
grounds based on Articles 52(1) and 56 EPC. The appea
was received on 17 March 1998 and the appeal fee was
pai d sinul taneously. The statenment of the grounds of
appeal was received on 26 March 1998.

The followi ng prior art docunents have been taken into
account during the exam nation procedure:

D1: DE-A-4 037 183

D2: Patent Abstracts of Japan, M 138, page 949,
JP- A- 2/ 5740

D3: US-A-4 023 359

The following prior art docunents are cited in the
Suppl enent ary European Search Report:

D4: EP-A-0 499 207

D5: US-A-4 209 981

The follow ng prior art docunents are cited in the
I nternational Search Report:

D6: Patent Abstracts of Japan, M 131, page 588,
JP- A- 61/ 283735



- 2 - T 0594/ 98

D7: Patent Abstracts of Japan, M 110, page 1325,
JP- A- 4/ 183922

The exam ning division canme to the conclusion that the
subject-matter of claim1 did not involve an inventive

step having regard to docunent D1.

L1, In a comruni cation the board has drawn the appellant's
attention to the followng prior art docunents:

Dla: GB-A-2 238 351 (sane patent famly as D1)

" Aut onobi | t echni sches Handbuch", Bussi en,
Techni scher Verlag Herbert Cram Berlin 1965,
Abschnitt 1.5, Seiten 403 und 404

D9: "Handbuch der Kraftfahrzeugtechni k" Band 2,

W hel m Heyne Verlag, Minchen, 1976, Abschnitt
8.1.1, Seite 906

D10: EP-A-0 396 262

In a letter of response the appellant has cited the
fol |l owi ng docunents:

D6a: US-A-4 612 770 (sane patent famly as D6)

Dra: US-A-5 207 058 (sane patent famly as D7)

Oral proceedings were held on 5 March 1999 duri ng which
the appellant filed new clains 1 and 8 and anended

pages 2, 2a, 3 and 8.

| V. Claim1l reads as foll ows:

0728.D Y A
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"A nmethod of operating an internal conbustion engine
having at |east one cylinder with a piston therein and
communi cating with an exhaust system having a catal yst
systemtherein, said nmethod conprising injecting fue
directly into at |east said one cylinder before the

pi ston therein has reached top dead centre (TDC)
position, said fuel being delivered at a rate higher
than that required when the engine is operating

normal ly, and retarding ignition of said fuel in said
cylinder to a tine after top dead centre (TDC) position
of the piston in said cylinder and i ndependent of the
timng of the injection of the fuel whereby the exhaust
gas fromsaid cylinder is delivered to the exhaust
system at a tenperature sufficient to effect |ight-off
of the catal yst system"”

During the appeal proceedi ngs the appellant confirnmed
that in a four stroke conbustion engine the top dead
centre position of the piston nentioned in claiml
refers to the piston position between the conpression
stroke and the conbustion stroke. The appel | ant
furthernore agreed that a skilled person would be aware
of the connection between a late ignition setting and

t he consequential increase of the exhaust gas
tenperature. A skilled person would al so appreciate the
necessity to conpensate for the | ower output resulting
fromsuch retarded ignition by increasing the fue

rate. The appell ant however stated that he was aware of
no single docunent or obvious conbi nati on of docunents
suggesting the features of claim1l. As is evident from
the body of the specification the nethod of operation
defined in claiml1 is mainly to be enployed at engi ne
start-up and idle, particularly in | ow anbi ent
tenperature conditions. In such conditions a skilled



VI .

0728.D

- 4 - T 0594/ 98

person will consider too effective a fuel dispersion

| ess advant ageous due to the fact that fuel contacting
the cold cylinder walls will tend to condensate there
resulting in an overall poorer conbustion efficiency
wth a less than opti numtenperature of the exhaust
gases. It wll therefore take I onger to reach the
desired light-off tenperature of the catalyst. Since

t he condensati on phenonenon wi Il be nore outspoken the
| arger the tine interval between injection and ignition
t he obvious choice will be to opt for a relatively
short tine interval between injection and ignition.
Such a solution which involves retardation of both the
injection and the ignition is basically what is

descri bed in docunent Dl. Bearing this in mnd it
appears that the skilled person, when faced with the
probl em of effecting rapid light-off of the catal yst
systemat start-up and idle, would seek to nmaintain or
reduce the tinme interval between injection and
ignition, i.e. retard both these events, rather than to
retard only the ignition.

Request s

The appel |l ant requested that the decision under appea
be set aside and a patent be granted on the basis of
the foll owi ng docunents:

d ai ns: 1 and 8, filed during the ora
proceedi ngs on 5 March 1999;
2to 7 and 9 to 17 filed with the letter
of 5 January 1998.

Descri ption: Pages 1, 4 to 7 as originally filed
(WO A-94/17293) ,
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pages 2, 2a, 3 and 8 filed during the
oral proceedings on 5 March 1999;

Dr awi ng: Sheet 1/1 (Figures 1 and 2) as originally
filed (WO A-94/17293).

The appel l ant further requested reinbursenent of the
appeal fee.

Reasons for the Deci sion

1

0728.D

The appeal is adm ssible.

Al'lowability of the amendnments (Article 123(2) EPC)

Claim1:

The features of claim1l are disclosed in originally
filed clains 1, 2 (fuel being delivered at a rate

hi gher than that required when the engine is operating
normal ly), claim1l (an exhaust system having a

catal yst systemtherein), claim10 in conjunction with
the description page 2, lines 25 to 27 (injecting fue
before the piston has reached top dead centre); page 2,
lines 25 and 26 in conjunction with page 3, lines 21 to
26 and 30 (injecting fuel directly into the cylinder);
page 4, lines 5 to 11 in conjunction with Figures 1 and
2 and clainms 6, 7, 9 and 10 (retarding ignition to a
tinme after top dead centre position of the piston -

bet ween 15° and 30° ATDC - independent of the timng of
the injection of the fuel - between 60° and 80° BTDC)
and page 2, lines 4 to 8 (whereby the exhaust gas from
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said cylinder is delivered to the exhaust systemat a
tenperature sufficient to effect light-off of the
catal yst system.

Clains 2 to 17:

The clains 2 to 17 are based on originally filed
clains 3 to 10 and 12 to 19.

Descri ption:

The description (pages 2, 2a, 3 and 8) has been adapted
to the new claiml.

Ther ef ore, the anendnents nmade do not contravene
Article 123(2) EPC

Novel ty

None of the prior art docunents discloses a nethod of
operating an internal conbustion engine with all the
features of claim1 of the application. The nethod of
claiml therefore is novel in the neaning of Article 54
EPC.

Cl osest prior art

The cl osest prior art is represented by the commonly
known nmet hod of operating an ordinary, direct injection
conbustion engine with spark ignition and with an

exhaust system having a catal yst therein.

Pr obl em and sol uti on
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Pr obl em

The technical problemof the invention is to provide a
met hod of operating an internal conbustion engi ne which
wi Il assist in maintaining high exhaust gas
tenperatures and thus, where appropriate, achieve rapid
light-off of the catalytic material in the exhaust
system and maintain such a light-off condition whil st
the engine is operating.

Sol uti on:

Despite a sinultaneous increase of the fuelling rate,
retardation of the ignition results in a |ower direct
process efficiency, whereby is neant the conversion of
energy fromfuel into nmechanical work. On the other
hand this neans that quite a high level of therma
energy is available in the exhaust gas to heat the
catal ytic treatnent neans. OMmng to the |ess efficient
conbustion conditions, as resulting in particular from
an ignition setting after top dead centre, gases wth
| ow oxi dation tenperature will be produced such as H
and CO. These gases react with the catalytic materi al
thereby further increasing its tenperature and aiding
it inrapidly reaching its light-off tenperature. This
effect is increased by injecting the fuel before top
dead centre and i ndependently thereof retarding the
ignition to after the top dead centre.

I nventive step

It is commonly known that in a spark ignited conbustion
engi ne exhaust gas tenperature will increase when
ignition timng is retarded. It is also knowmn to retard
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ignition and increase fuelling as a conbined neans to
speedily reach the light-off tenperature of an exhaust
gas catalyst in such a conbustion engi ne. However, none
of the available prior art docunments discloses, in
order to achieve a rapid |light-off of the catalytic
material in the exhaust system and/or to maintain such
a light-off condition during engine operation, the

met hod of injecting fuel directly into the cylinder
before the piston has reached top dead centre and
retarding ignition of the fuel in the cylinder to a
time after top dead centre position of the piston

i ndependently of injection timng.

Docunents D8 and D9 di sclose in general that ignition
usual Iy occurs before top dead centre. If ignition
takes place later then the engine output will be
reduced and the exhaust gas tenperature will increase.
These docunents confirmthe common under st andi ng t hat
ignition after top dead centre is an exception and not
the rule.

According to docunent D3 ignition timng is retarded in
order to increase the exhaust gas tenperature when the
tenperature of a thermal reactor falls to its reaction
comencenent tenperature. Direct fuel injection is not

i ndi cated, nor is an increase of the fuel amount. The
air/fuel mxture is apparently introduced into the
cylinder via the intake valve (see Figures 1 and 3),
i.e. fuel is introduced by indirect injection or by
means of a carburetor. Fuel introduction into a
cylinder of this four stroke engine therefore does not
take place during the conpression stroke but nmainly
during the suction stroke. The anpbunt of retardation of
the ignition timng is not indicated in docunent D3 and
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it may therefore be assuned that the ignition is
retarded only in the usual way, i.e. it is maintained
before the top dead centre. Although a person skilled
inthe art will find in docunent D3 a solution to the
above defined problemthis solution is different from
the clainmed solution, and contains no hints or guidance
in the direction of the latter.

The above ignition retardation schene is also found in
docunent D4 which |ikew se discloses retardation of the
ignition timng in order to increase exhaust gas
tenperature and speed up the reaching of the |ight-off
tenperature of the catal yst. However, ignition timng
is only retarded in the range before top dead centre

(see Figure 3; colum 7, lines 2 to 5, 52 and 53;
colum 10, lines 10 and 11; columm 12, lines 17 to 20
and colum 13, lines 29 to 35). Wereas docunent D4

does di scl ose an increase of the fuel rate in
conbination with retardation of ignition timng, fue

is injected into the intake branching pi pes (see

colum 4, lines 54 to 56 and Figure 1) and not directly
into the cylinder. In the case of this four stroke

engi ne fuel is thus not introduced during the
conpression stroke before top dead centre and docunent
D4 woul d therefore not | ead a person skilled in the art
to the clainmed solution.

Docunent D5 di scl oses an engine with an exhaust gas
purifying device, and with the sane purpose of

i ncreasi ng the exhaust gas tenperature the engine
operation schene again relies on a conbi nati on of
retarding ignition timng and increasing the anmount of
conbustible matter in the purifying device by enriching
the air-fuel mxture introduced into the cylinder. In
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this device also secondary air may be supplied into the
exhaust gases fed to the purifying device and a
separate spark plug is provided in the purifying device
for ignition of the mxture therein. No specific
information is given on the extent to which the
ignition timng is retarded. However, if the intention
woul d have been to retard ignition to after top dead
centre one woul d have expected to find a clear
statenment to this effect in D5, since such an extrene
retardation could not be considered as part of the
normal practice but rather would anbunt to a nopst
unusual or unconventional nethod step. No such
statenment is found. Furthernore, fuel is introduced
into the intake system by a carburetor (see colum 2,
lines 26 to 32), i.e. not during the conpression stroke
before top dead centre. This prior art therefore again
cannot |lead to the nethod of claim1.

Docunent D6a (D6) relates to a turbocharged engi ne
havi ng an exhaust purifier in the exhaust system Here
also it is proposed to retard the ignition timng and
to increase the anount of fuel in order to attain a
rapid warmup of the exhaust gas purifying unit (see
colum 3, lines 32 to 40). Although it nust be

consi dered normal practice for a person skilled in the
art to delay ignition and al though it remains uncl ear

i n docunent D6a to which extent the ignition is

del ayed, normal practice would be to maintain ignition
before the top dead centre, see the above sections 6.3
to 6.5. Furthernore, the injection valves (14) are

| ocated upstream of the intake valve (2) and fuel is
therefore not injected directly into the cylinder
during the conpression stroke before top dead centre.
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Docunent D7 (docunment Dr7a is not prepublished and
therefore not state of the art according to

Article 54(2) EPC) discloses an internal conbustion
engi ne where, according to the enbodi nent of Figures 1
and 2, a first anount of fuel (Ij1l) is both injected
and ignited (1gl) before the top dead centre (between
the conpression and the conbustion stroke). A second
amount of fuel (1j2) is injected after said top dead
centre and ignited before the next follow ng top dead
centre. According to the enbodi nent of Figure 2 also a
third amount of fuel (1j3) is injected before the next
following top dead centre. Again the fuel injection
occurs close to the ignition timng. According to the
enbodi ment of Figures 3, 7 and 8 an additional spark
plug (66, see Figures 7 and 8) is provided in the
exhaust passage 18 and activated after the next top
dead centre. Such a nethod is conpletely different from
the cl ained nethod and the teaching of docunent D7
cannot fairly lead a person skilled in the art to the
met hod according to claiml.

Docunment D10 di scl oses a two stroke engine with a

catal yst in the exhaust gas system In order to reduce
the start-up tinme of the catalytic converter and to
rapidly increase the exhaust gas tenperature, neans are
provi ded to separate the hot bl omdown gases and the
scavengi ng gases. Docunent D10 does not describe a

met hod of increasing exhaust gas tenperature by solely
retarding ignition timng and increasing the injected
fuel anount.

Docunent D2 describes a nethod for rapid warmng up a
conbustion engine, ensuring stable idling by increasing
the fuel injection quantity and delaying the ignition
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timng. The fuel injection valve (13) is, according to
the drawi ng, located in the suction duct, with the risk
of fuel "hangup” within the neans used to deliver fue
into the cylinder. Fuel is therefore not injected
directly into the cylinder, nor is fuel injected during
t he conpression stroke before the top dead centre.

Docunent D1 (Dla), which was considered by the

exam ning division as the nost relevant prior art
docunent, discloses a nethod of operating an interna
conmbusti on engi ne having at | east one cylinder with a
pi ston therein and comunicating with an exhaust system
havi ng a catal yst system (14) therein. The nethod
conprises injecting fuel directly (see injector 10)
into said at | east one cylinder at a rate higher than
that required when the engine is operating normally
(see D1, colum 3, lines 53 to 55) and retarding
ignition of said fuel to a tinme after top dead centre
(TDC) position of the piston (see Figure 4 and
description colum 4, lines 6 to 13 and 18 to 23),

wher eby the exhaust gas fromsaid cylinder is delivered
to the exhaust systemat a tenperature sufficient to
faster effect |ight-off of the catal yst system

In particular transient conditions between cold engine
idling conditions (both injection and ignition timng
after top dead centre) and nornmal operation conditions
(both injection and ignition timng before top dead
centre), this systemmay involve injection before and
ignition after the top dead centre. This particul ar
case i s however but a consequence of the disclosed
teachi ng according to which a certain retard quantity
i s determ ned, depending on a tenperature difference
signal. In case the tenperature of the exhaust gas is
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| ower than a reference tenperature, a retard quantity
conmon to the injection timng and the ignition timng
(see claim1l) is determned. The rel ationship between
injection and ignition timng is apparently an
essential feature in this systemand no hint is given
to adjust ignition and injection timng independently
of each other, e.g. to maintain injection timng before
top dead centre while retarding ignition timng to
after top dead centre.

Si nce none of the prior art docunents D2 to D10 clearly
di scl oses retardation of ignition timng to after top
dead centre in a direct injection engine this state of
the art cannot in conbination wth the above defined

cl osest prior art or wwth the state of the art
according to docunent D1, lead to the nethod of

claim 1.

The nmethod of claim1 therefore involves an inventive
step (Article 56 EPC).

In view of the above claim 1 is patentable under
Article 52(1) EPC. dains 2 to 17, the description and
the drawi ngs al so neet the requirenents of the EPC.

Request for reinbursenment of the appeal fee

In his statenment of the grounds of appeal the appellant
argues that the first instance refusal of the
appl i cation was based on a new ground on which the
appl i cant had had no opportunity to coment. In the
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appel lant's opinion this anmpbunts to a serious
procedural violation, which as such justifies the
appel l ant's consequent request for a rei nbursenent of
t he appeal fee.

The application was refused for lack of inventive step
Wi th respect to docunent D1. In the officia

conmuni cati on dated 19 February 1997, the originally
filed clains 1 and 2 were held to | ack novelty vis-a-
vis docunent D1. In the official comunication dated

3 July 1997, the exam ning division rejected a fresh
version of claiml (now including the features of
originally filed claim2) and noreover hinted, that
even |imtation of this claim"to a direct injection,
e.g. two-stroke, engine would ... not render its
subject matter inventive", see the first paragraph of
section 3. The board sees this reference to a direct

i njection engine as a reference to docunent D1, neani ng
that here the examning division inplicitly stated that
it sees no inventive step over docunent D1. The board,
therefore, as already brought forward in its

conmuni cati on dated 21 Decenber 1998, does not see a
substanti al procedural violation in this case so that
there is no reason to rei mburse the appeal fee. Since
further anmendnents to claim 1 were necessary during the
present appeal proceedings rei nbursenent of the appea
fee cannot be nade.
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it is decided that:

The deci si on under appeal is set aside.

The case is remtted to the first instance with the

order to grant a patent in the foll ow ng version:

d ai ns:

Descri ption:

Dr awi ng:

1 and 8, filed during the ora
proceedi ngs on 5 March 1999;

2to 7 and 9 to 17 filed with the letter
of 5 January 1998.

Pages 1, 4 to 7 as originally filed

(WO A- 94/ 17293),

pages 2, 2a, 3 and 8 as filed during the
oral proceedings on 5 March 1999;

Sheet 1/1 (Figures 1 and 2) as originally
filed (WO A-94/17293).

The request for reinbursenent of the appeal fee is

r ef used.

The Regi strar:

N. Maslin

0728.D

The Chai r man

C. Andries



